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495

II. On the Structure and Affinities of Lepidodendron and
Cal amites. By WILLIAM CARRUTHERS, F. L. S. , Botanical
Department, British Museum. (Plates VIII. and IX.)

The imperfect knowledge we have of fossil plants is the
result of the fragmentary condition in which they occur.
The deciduous leaves, ripe fruits, or broken branches that
fell into streams, and were carried to sea or lake, had so
many dangers to encounter, that only a very few of them
ever reached the usual deposit where they would be pre-
served, and these few in such a decayed and fragmentary
condition that it is often impossible to do more than make
the most vague guesses at the nature of the vegetation to
which they belonged. The occurrence of vegetable remains
on the site where they grew, is extremely rare in all the
formations which form the crust of the earth, except in the
Coal Measures. The plants of this period might therefore
be expected to be well known, especially as the beds con-
taining vegetable remains, of carboniferous age, have been
more exposed, because of their economic value, than those
of any, or indeed of all the other formations put together.
The peculiar nature of the vegetation, and perhaps the ex-
treme humiditfof the atmosphere, and the swampy localities
in which the plants grew, have made the superabundant
mass of vegetable remains as great a mystery as the scanty
and fragmentary fossil plants of other periods. Except in
the thin films of charcoal which occur in most coals, traces
of structure are scarcely to be found in the coal itself, so
thoroughly has the vegetable matter been converted into
amorphous pulp before mineralisation took place, or so
completely has it been metamorphosed subsequent to de-
position. The plants themselves have all been so brittle,
that when portions are preserved, as they are in immense
quantity, especially in the roof shales, they are so frag-
mentary, that it is difficult to determine the various por-
tions that belong to the same plant. The root is rarely
connected with the stem, the stem with the branches, or
the branches with the leaves or the fruit. As a result, all
these parts have been often referred to different genera, and
have received different names. With additional observations,
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496	 Mr William Carru thers on the Structure

the means are, however, occasionally turning up, which
enable us to reduce some of these genera, the establish-
ment of which was absolutely necessary in the earlier days
of paleontological botany. Thus to give an example :—the
trees belonging to the same set as those which were found
imbedded in the sandstones at Craigleith quarries have been
constituted into the genus Dadoxylon ; the pith forms the
genus Sternbergia, and some fluted and constricted speci-
mens have been referred to Calamites. The leaves were
considered to be ferns, and named Cyclopteris ; and the
fruit was thought to belong to a palm, and received the
name of Trigonocarpon. We have not seen evidence suffi-
cient to convince us that all these are correctly referred
to the same plant ; but this is the opinion of some dis-
tinguished palaeontologists, and it serves as a good illustra-
tion of the present satisfactory tendency of palaeontological
botany.

A similar multiplication of generic names encumbers
the synonymy of the two genera Lepidodendron and Cala-
mites.

Lepidodendron was a branching tree of considerable size.
It is separated from the other genera of coal plants by the
form and arrangement of the leaf-scars upon its stem. More
than forty species have been recorded ; but as the scars
present different appearances on different portions of the
same plant, no doubt more species have been established
than the materials fairly warrant. But that they were
numerous in species, and very numerous in individuals, any
one who has even cursorily examined a coal pit, or the
fossils in any public museum, must be convinced. They
certainly contributed largely to the formation of coal.

The researches of Witham,* Lindley and Hutton,t
Brongniart I and Binney, have made us acquainted with

* The Internal Structure of Fossil Vegetables, 1833.
fi The Fossil Flora of Great Britain, 1831-1837.

Observations sur la Structure interieure du Sigillaria elegans, &c.—
Archives du Musium, 1839.

Geological Society's Journa1,1862 ; and Philosophical Transactions, 1865.
Mr Binney, in these papers, gives most careful and elaborate drawings and
descriptions of some fossils in his extensive collection. He refers them to
the genus Sigillaria, because of their agreement in internal structure with
Brongniart's S. elegans ; but he cannot separate them by their external mark-
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and Affinities of Lepidodendron and Calamites. 497

the stem. These published observations, together with
the examination of some beautiful specimens in the collec-
tions of Robert Brown, now in the Botanical Department .

of the British Museum, and of Mr Alexander Bryson, enable
me to give a somewhat complete description of its singu-
lar structure.

The axis of the stem cannot be considered as a true
medulla or pith, inasmuch as it is composed not of simple
cells, but of elongated utricles of various sizes, irregularly
arranged, and having thin walls marked with scalariform
bars (Plate IX. fig. 2.) These utricles, indeed, differ from the
vascular tissue of the woody cylinder which surrounds them
only in their length. The tissue of the woody cylinder con-
sists of long scalariform vessels, which increase in size from
the inner margin to the outer, this increase being sufficient
to meet the requirements of the enlarged circumference, with
the help of only a few additional series of vessels. As there
is no true medullary cellular tissue in the axis, so there are
no medullary rays passing through this cylinder. In radial
sections an appearance is seen singularly resembling, to the
naked eye, the " silver grain" produced in dicotyledonous
woods by the medullary rays ; but this arises from a very
different cause. The diameter of the vessels is so great,
that on a polished surface only the scalariform wall of the
vessel, that lies on or near the surface, is exhibited ; and
when the upper wall of a vessel is cut away, the lower wall
is often so deeply buried in the opaque substance, that the
peculiar structure is obscured. In the case of sections pre-
pared for microscopic examination, both surfaces of some
vessels are often removed, and the scalariform markings on
the lateral walls, or on any horizontal walls which by chance
occupy a medial position between the polished surfaces,
only are seen. This absence of the scalariform bars gives
at first sight the appearance produced by medullary rays.

ings from Lepidodendron selaginoides, Lindl. and Hutt. ; and as the only cha-
racters by which the two genera are distinguished are derived from the mark-
ings on the stem, we must consider Sigillaria vascularis as a true Lepidodendron.
I am the more satisfied as to this, because I believe no essential difference
exists, as has been hitherto maintained, between the stems of Sigillaria and
Lepidodendron, or any of the other lepidendroid plants of the Coal Period. I
cannot enter into this question here, but I shall take an early opportunity of
publishing my views, and the reasons for maintaining them.

TRANS. ROT. SOC. VOL. VIII. 	 3 s
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498	 Mr William Carruthers on the Structure

The continuous cylinder of scalariform vascular tissue
appears to be penetrated by the vascular bundles which
ultimately supply the leaves. These bundles apparently
originate either in the scalariform tissue of the axis, or on
the inner surface of the woody cylinder. They have been
mistaken for, or misnamed, medullary rays.

The woody cylinder is surrounded by a great thickness of
cellular tissue, which extends to the exterior of the stem,
and is composed of three distinct and separable zones. The
inner zone has never, as far as I know, been perfectly pre-
served in any specimen, yet traces of it sometimes may be
seen ; and it is rightly restored in Brongniart's drawing of
Lepidodendron Harcourtii, in the " Archives du Museum,"
vol. i. plate xxxi. Its absence in fossils is owing to its
extremely delicate structure. The cells of the middle zone
have thicker walls, and they have consequently frequently
resisted decomposition before fossilisation made them per-
manent. In the outer zones the cells are very much
lengthened, and have a smaller diameter. They nearly
resemble true vascular tissue ; but the progress of lengthen-
ing may easily be traced from the interior outwards ; and
no distinction can be drawn between the true cells, and
the long and slender ones of the outer circumference. The
cell-walls of all the three zones are without markings of
any kind.

These three cellular zones are traversed by the vascular
bundles which rise from the outside of the interior woody
cylinder, if they do not actually pass through it, and pass
to the leaves and branches. These bundles separate from the
woody cylinder a long way below the point where they pass
off into the leaf. At first their direction is almost parallel
with the cylinder, slightly inclining outwards ; they then
incline more outwards ; and as they approach the circum-
ference of the stem, they resume their nearly ascending
direction for some distance, until they finally pass out to
the leaves which they support. Each bundle consists of
scalariform vessels, very much finer than those of the woody
cylinder, surrounded by elongated cells like those of the
outer zone, and probably still further enclosed by a delicate
parenchyma, which disappeared before it could be fossilised.
The only evidence I have of the existence of this cellular
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and Affinities of Lepidodendron and Calamites. 499

tissue is, that the bundles never fill the cavities in the
parenchyma of the stem through which they pass. The
bundles terminate in the points seen on the areoles of the
stem, which are the scars of the leaves.

The woody cylinder is of different thicknesses in different
stems, and appears to have increased with the growth of
the tree. There is, however, no indication of interruption
in the growth or of seasonal layers. Yet it cannot be con-
ceived that the whole vascular cylinder arose and was de-
veloped at the same time. It is very probable that the
zone of slender, and consequently rarely preserved cellular
tissue which surrounded the woody cylinder, was analogous
in its functions to the cambium layer of phanerogamous
stems, like the similar layers in recent Lycopodiacece,
described by Spring in his "Monographie de la Famine des
Lycopodiacees" (page 294).

If we separate the different structures we have described
in the axis into two series, the one series axial, and the
other epidermal, we shall have the axis composed of sca-
lariform utricles, the woody cylinder and the vascular
bundles passing to the leaves belonging to the first series,
and the two external zones of the vascular tissue to the
second. The inner zone of cellular tissue, like the cambium
layer, was most probably common to both series, the cells
of the outer circumference being developed into the paren-
chyma of the epidermal series, while the vessels of the
woody axis were produced from the cells of the inner
series.

Stigmarioid roots have been determined to belong to
Lepidodendron as well as to Sigillaria, and their whole
structure supports this determination. I have satisfied
myself that there is nothing that can be truly called a me-
dullary ray in the woody cylinder of Stigmaria, but into
the proof of this I will not now stay to enter. The base
of the trunk was divided into a few principal roots, and
these again divided dichotomously, but the ultimate divi-
sions were never much attenuated. Throughout their
whole course, and from every portion of their circumference,
they gave off rootlets of considerable length, which, with
the exception of a slender vascular bundle, were entirely
composed of delicate hexagonal cells. They were articu-
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500	 Mr William Carruthers on the Structure

lated to flagon-shaped bodies sunk in cavities, arranged in
a quincuncial manner over the stem. The internal struc-
ture of the Stigmaria root corresponds to that of the trunk
of Lepidodendron. The axis was composed of fusiform
barred cells, and this was surrounded by a woody cylinder,
which was certainly penetrated by the vascular bundles
that supported the rootlets. Beyond the woody cylinder
came a great thickness of cellular tissue, almost always
destroyed, but probably agreeing in its structure with the
three zones of the stem.

In speculating upon the conditions under which the forests
of Lepidodendron flourished, it is most important to observe
whatever is peculiar in those organs by which the plants were
connected with the physical conditions around them. Geo-
logists have too much overlooked such considerations in their
deductions as to the physical phenomena of a period from
the plants and animals that then existed. They have often
taken for granted that the known conditions of the living
species of a genus are true also of the fossil members of
the same genus. In the want of other evidence, such an
assumption may be cautiously employed ; but unless its
true value be accurately estimated, the greatest errors may
arise, as they have in the past. For example, the syste-
matic position of Elephas primigenius having been clearly
established, the inference was thought legitimate that, as the
modern representatives of the genus were confined to tropical
or sub-tropical countries, the boreal regions must have enjoyed
a similar climate when they were inhabited by these ancient
elephants. It was, however, discovered that their skin was
clothed with wool and long hair, and that, consequently,
they were adapted to endure a cold climate. In plants, the
structure of the fruit would in most cases teach nothing as
to the temperature and humidity of the atmosphere in
which, or the kind of soil upon which, the organism grew,
though it would be of the first importance in determining
systematic position. On the other hand, the root, the
leaves, and the tissues of the plant, would be of only second-
ary importance in regard to systematic position, but of the
highest value in determining physical condition. In re-
gard to Lepidodendron, its singular roots would seem to
imply that it derived a large amount of moisture through
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and infinities of Lepidodendron and Calamites. 501

them from a moist soil, and so far differed from most living
cryptogamia, which obtain it mostly from the atmosphere.
The roots of this genus presented in their crowded and long
rootlets an immense surface for the absorption of moisture ;
and in their great abundance of lax cellular tissue possessed
the means of containing this moisture, and transmitting it
to the foliage.

The leaves of Lepidodendron were simple, lanceolate,
acute, and sessile. They had a single medial nerve. The
younger branches were densely covered with leaves ; and
the scars left on the trunk after they perished give the
numerous beautiful markings by which the species have
been distinguished. The leaves, when found separated from
the branches, are called Lepidophylla.

The fruit was a strobilus (Plate IX. fig. 3), formed from
a shortened branch, the leaves of which are converted into
scales, that support on their upper surface a single large
sporangium (Lepidostrobus, Plate IX. fig. 4), or perhaps
several small ones (Flemingites, Plate IX. fig. 6). There
appear to be both macrospores (Plate IX. fig 5), and
microspores in the same sporangium. I have examined
at length the structure and affinities of these fruits, in
a paper published in the " Geological Magazine," vol. ii.
p. 433, to which I must refer, without here dwelling
further on the subject. Flemingites, although the sporangia
are enormously abundant in some coals, have not yet
been found connected with any fossil ; but specimens of
Lepidostrobus, attached to branches of Lepidodendron, have
been described by Dr Paterson in the Transactions of this
Society, by Brongniart, and others ; and I have noticed
one fine specimen in the Museum of the Botanic Gardens
here.

In tracing the affinities of Lepidodendron, we have the
safest guide in the organs of fructification, and fortunately
these have been satisfactorily determined. The sporiferous
strobilus shows that it is a true cryptogam ; and in general
appearance and arrangement of parts, the strobilus can
scarcely be distinguished from that of some living Lyco-
podia, except in the great difference of size ; this affinity
is strengthened by the character of the leaves, and the
structure of the stem. But the possession of both kinds
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502	 Mr William Carruthers on the Structure

of spores in the same sporangium exhibits stronger affinity
to Rhizocarpece than to Lycopodiacece.

The structure of the arboreal stem of Lepidodendron is
much more complex than that of any known cryptogam.
The central axis of irregularly arranged vascular tissue in
Lycopodium is suited to the low stature of the plants of that
genus ; but in the giant Lepidodendron there is a com-
plexity, -which approaches the structure of some dicotyle-
donous stems. The general arrangement of the tissues,
resembling what exists in some Cycadece and Cactacece, has
caused this fossil plant to be referred sometimes to the one,
and sometimes to the other of these Orders ; but the re-
semblance is only one of analogy, and not of affinity.
The presence of scalariform tissue, of which the woody
portion is entirely composed, and the absence of medullary
rays, would, even if the fruit were unknown, be sufficient to
establish the cryptogamic nature of the plant. A comparison
with the Cycadean stem may help us, by the resemblances
and differences which will appear, better to understand
the stem of Lepidodendron. The Cycads have all a large
medulla, composed of large sized parenchyma ; in some
genera traversed by numerous vascular bundles, as in
Encephalartus, and in others entirely cellular, as in Cycas
and Zamia. This is surrounded by a single woody cylinder,
or several, everywhere penetrated with medullary rays.
Beyond this there is a considerable thickness of paren-
chyma, composed, in their inner portion, of cells whose
length exceeds only slightly their breadth ; these gradually
lengthen, until they assume an appearance very like the
external portion of Lepidodendron. This cortical paren-
chyma is traversed by the vascular bundles which supply
the leaves. The two stems are evidently built upon the
same plan ; and were we to substitute scalariforni tissue
for the gymnospermatous woody tissue, and scalariform
utricles for true medullary parenchyma, and finally exclude
the medullary rays, the description of the Cycadean stem
would apply to that of Lepidodendron. And it deserves
special notice, that the surface of the Cycadean trunk is
composed of the bases of the old leaves, together with the
scales which in some species are interspersed among them,
or alternate with them. The leaves do not disarticulate at
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and Affinities of Lepidodendron and Calarnites. 503

the circumference of the stem, but at some distance from
it, leaving a short portion of the base persistent. The
scars of the outer surface of the stem give a different im-
pression from those presented when the persistent bases of
the leaf-stalks are removed. Whoever is even a little
familiar with coal fossils, is aware that there are two sets
of scars on the stems of Lepidodendron—one superficial, the
other internal. The fossils that present the first set are
generally said to be " corticated" stems, and those exhibit-
ing the others " decorticated." The " bark" is generally
converted into a compact structureless coal, the outer sur-
face of which has the one set of scars, and the inner surface
the other. I believe this coal is produced by the external
of the two epidermal series, and that the outer scars were
truly superficial, while the inner were produced by the
vessels which passed to the bases of the leaves. The two
sets of scars in Cycadean stems are analogous structures ;
but in Lepidodendron, the layer which bears the scars on
its two surfaces is a compact cylinder, while in the Cycadece
there is no connecting tissue uniting the bases of the
leaves ; they are closely packed together, but quite free
from each other. It is evident that in many respects the
fossil stem had a striking analogy in the arrangement of
its parts to that of the recent Cycads, while it was, however,
a true Cryptogarn ; and if we now examine the slender
stem of Lycopodium, we shall find, I believe, that Lepido-
dendron, though more highly developed, does not differ
essentially from it.

Spring, in his " Monographie des Lycopodiacees" (p. 293),
describes the stem of this order as composed of five parts :
1st, The woody axis ; 2d, A layer of delicate cells ; 3d, The
liber ; 4th, The herbaceous envelope ; and, 5th, The epi-
dermis.

The axis is composed of bundles of scalariform vessels,
scattered through a very delicate cellular tissue, in a regular
figure, which varies in the different species. This axis is
surrounded by a layer of lax, delicate, cellular tissue, which
Spring considers to be the channel through which the sap
circulates, and the seat of growth in the stem—the inner
portion being developed into wood vessels, and the outer
into " liber." The " liber" is composed of elongated cells,
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504	 Mr William Carruthers on the Structure

with thickened walls. Spring gives to it this name because
of its analogy to the liber in dicotyledons. This layer is
often so thin that it is difficult to detect. It is surrounded
by a thick greenish layer, composed of large elongated cells,
with thin walls ; and this is covered with an epidermis,
consisting of small cells, with thick walls. The vascular
bundles pass through the various layers of cellular tissue,
from the axis to the circumference.

The great difference between the stem of Lepidodendron
and Lycopodium is the existence of a pseudo-medulla, and
the arrangement of the vascular tissue as a solid cylinder
in the fossil genus, compared with the central position and
loose structure of the vascular tissue in the recent plant.
In both the recent and fossil stems, the vascular tissues are
surrounded by a zone of thin-walled cells, which has dis-
appeared in all the dried specimens of Lycopodium I have
examined, leaving the axis free, and which, as we have
seen, is very rarely preserved in Lepidodendron.

Calamites.—Few fossils have been more misunderstood
than the set of plants to which the name Calamites is given.
One of the least errors regarding them was that which
placed the stem upside down, and made the cylindrical
roots its leaves. Calamites is rarely preserved so as to
exhibit structure, being almost always converted into amor-
phous coal, and exhibiting an apparently furrowed and
jointed stem, somewhat resembling the recent Equisetacece.
The few specimens that have been found with the internal
organisation of the stems preserved show a structure differ-
ent from what had been assumed to be that of Calamites,
and have been constituted into the genus Calamodendron.
Like Lepidodendron, Calamites must have been a very
brittle plant, as its remains occur in such a fragmentary
condition, that great difficulty has been experienced in de-
termining the different parts of the plant. The branchlets
and foliage have been referred to the genus Asterophyllites,
supposed to be independent aquatic plants, and the fruits
form the genus Volkmannia.

The stem of Calamites was formed on a different plan
from that of Lepidodendron. Mr Binney is at present
engaged in preparing an account of its internal structure,
with copious illustrations, which will be more complete than
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and Affinities of Lepidodendron and Calamites. 505

any hitherto published, because of the abundance of well-
preserved specimens contained in his cabinet, the result of
so many years' devotion to the study of the fossils of the
Coal Measures. I shall therefore content myself with a
hasty sketch of the genus. The specimens hitherto figured
by Petzholdt, Corda, Gceppert, Sternberg, -Unger, and
others, have generally wanted the cellular tissue of the
axis and of the epidermis. The specimens which Mr Binney
has shown me exhibit, as I believe, the whole structure
from the centre to the circumference. The axis (Plate
VIII.) consists of a considerable mass of cellular tissue with-
out any vascular bundles penetrating it. This is surrounded
by a solid cylinder of wood, formed entirely of scalari-
form vessels, and without (in all the specimens I have
examined) any trace of medullary rays. The vascular
tissue was developed from a series of equidistant points
near the circumference of the cellular tissue, and grew
outwards and laterally until they united in a continuous
cylinder, fluted on the inner surface, and with flutings filled
with the cellular tissue of the axis. The early vascular
bundles in the young stems of exogenous plants have a
similar origin, but they speedily unite to form a woody
cylinder, with a clearly defined and smooth inner surface
towards the pith. This early condition is permanent in
the stem of some arborescent species of Cactus, which, in
this respect, closely reseinbles Calamites ; but it is only a
similarity in the arrangement of the parts, without any true
affinity, for the stems differ as much as Lepidodendron does
from Cycas. The woody cylinder formed constrictions at
regular intervals round the cellular axis, as in some recent
Artocarpece. Beyond the woody cylinder there was a thin
epidermal layer of parenchyma, which is less seldom pre-
served than even that of the interior.

The flutings and constrictions of the stem described as
external were on the interior of the woody cylinder. The
parenchyma having generally disappeared in fossilisation,
the wood alone formed the thin layer of coal that is gene-
rally all that remains to indicate the existence of the fossil.
This is always furrowed longitudinally, and barred at in-
tervals, apparently externally ; but the examination of
specimens, in which the structure is preserved, show that

TRANS. BOT. SOC. VOL. VIII. 	 3 T
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506 On Lepidodendron and Calamites.

there was no fluting on the outer surface. Richter and
Unger, in their " Paleeontologie des Thiiringer Waldes"
(Vienna, 1856), have restored the stem of a calamite with
a thick epidermal cellular layer, and this they have fur-
rowed on its outer surface ; but as this layer was so perish-
able that it has almost invariably disappeared, it could not
have produced the furrows which occur in almost every
specimen. When the stems were thrown down the cellular
portions were generally completely decayed, and the space
occupied by the axis was filled with the clay or sand in
which the plant finally rested. In this way a cast of the
interior was made, which, in time, became harder than the
vascular tissue of the stem, and the pressure of the superin-
cumbent deposits flattened and compressed the woody
cylinder, producing on its upper surface a counterpart of
the internal cast, with its furrows and constrictions. The
furrows vary in size and closeness in different specimens,
and produce indications suilicient to account for the different
species that have been established.

The stem somewhat rapidly contracted at the base, the
nodes shortening and giving off long cylindrical roots which
spread laterally through the soil.

The main stem was simple, but at intervals gave off
whorls of slender branches, and these again bore branches
or leaves also arranged in whorls. The leaves were linear-
acuminate, and each whorl contained from ten to twenty
leaves.

The fruit (Plate IX. fig. 7) was composed of whorls of
scales alternating with and protecting whorls of sporan-
gium-bearing spines (Plate IX. fig. 9). It was borne
either at the termination of the primary branches or
in whorls around them, and was composed of a shortened
axis, with the leaves specially developed. The strobilus
described by Ludwig (Meyer's " Paleeontographica" vol.
x. p. 11, table ii.), consists of from twenty to twenty-
five series of barren protecting scales, arranged fifteen
in a whorl, the scales of each whorl being opposite to
those in the others. Between the scales is a whorl of five
short spines, each supporting four flask-shaped sporangia.
The spines of one series are arranged opposite to the spines
of the other, that is to say, they are arranged perpeiidicu-
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larly on the axis, the one directly over the other. I have
confirmed these observations' on specimens of the fruits
found in Britain, belonging to Dr Hooker, and made some
important additional observations on the structure of the
strobilus and the contents of the sporangia, which I hope
soon to publish.

It is not easy to find anything analogous to Calantites
among recent plants. Nevertheless its structure does not
differ so essentially from the vascular cryptogams as to
cause any uncertainty as to its position. The histological
character of its wood, the absence of medullary rays, and
the nature of its fruit, clearly establish that it was a true
cryptogam, and while it differed in the arrangement of the
parts of its stem in its foliar appendages, and in its organs
of fructification from Lepidodendron, yet it is evident these
were both near allies, and both more highly organised
than any of their living representatives.

EXPLANATION OF PLATES VIII. AND IX.

Plate VIII.

Restoration of Lepidodendron and Calamites; and section of stem of Cala-
mites, showing the position of the fluting. (The axis is drawn too slender in
proportion to the thickness of the stem.)

Plate IX.

Figs. 1-6. Lepidodendron.-1. Transverse section of the half diameter.—
2. Longitudinal section of ditto.-3. Strobilus.-4. Scale and Sporangium.
The vascular bundle should be produced to the apex of the scales.-6. Spores.

Fig. 6. Scale of Flemingites.
Figs. 7-12. Calamites (after Ludwig).-7. Strobilus.-8. Part of a whorl

of strobili.-9. Longitudinal section of two cells of a strobilus.-10. Trans-
verse section of one cell.-11. Apex of a spine with its four sporangia.-12.
Scales from strobilus.

III. Account of a Botanical Excursion to Forteviot and
Invermay, Perthshire, on 7th July. By Mr JOHN
SADLER.

Mr Sadler gave an account of one of Professor Balfour's
class excursions to Invermay, on Saturday 7th July, and
enumerated the more interesting plants collected. The
party, numbering about forty botanical students, and
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